Previous studies have assessed the incremental economic burden of treatment-resistant depression (TRD) versus non-treatment-resistant major depressive disorder (i.e., non-TRD MDD) in commercially-insured and Medicaid-insured patients, but none have focused on Medicare-insured patients.
Objective
To assess healthcare resource utilization (HRU) and costs of patients with TRD versus non-TRD MDD or without major depressive disorder (MDD; i.e., non-MDD) in a Medicareinsured population.
Methods
Adult patients were retrospectively identified from the Chronic Condition Warehouse deidentified 100% Medicare database (01/2010-12/2016). MDD was defined as �1 MDD diagnosis and �1 claim for an antidepressant. Patients initiated on a third antidepressant following two antidepressant treatment regimens of adequate dose and duration were considered to have TRD. The index date was defined as the date of the first antidepressant claim for the TRD and non-TRD MDD cohorts, and as a randomly imputed date for the non-MDD cohort. Patients with TRD were matched 1:1 to non-TRD MDD patients and randomly selected non-MDD patients based on propensity scores. Analyses were also performed for a subset of patients aged �65.
Results
Of 29,543 patients with MDD, 3,225 (10.9%) met the study definition of TRD; 157,611 were included in the non-MDD cohort. Matched patients with TRD and non-TRD MDD were, on average, 58.9 and 59.0 years old, respectively. The TRD cohort had higher per-patient-peryear (PPPY) HRU than the non-TRD MDD (e.g., inpatient visits: incidence rate ratio [ on average, a higher number of previous depressive episodes which negatively affect prognosis [26] . Moreover, there may be a higher risk of relapse and shorter time to recurrence among older patients with depression relative to younger patients [26] . Thus, an assessment of the burden of illness of TRD in Medicare-insured patients is of interest to inform evidence-based decision making among healthcare payers, policy makers, and providers in an effort to deliver appropriate care and improve care pathways to this growing population. Therefore, the present study sought to assess treatment patterns, HRU, and costs of patients with TRD versus patients with non-TRD MDD or non-MDD patients using the full Medicare-insured population.
Methods

Data source
The Chronic Conditions Warehouse de-identified 100% Medicare database (01/2010-12/ 2016), which contains historical information on patient demographics, plan enrollment, inpatient, outpatient, skilled nursing facility, home health agency, hospice, durable medical equipment, and pharmacy claims was analyzed. The database contains only de-identified information and is thus fully compliant with the requirements of the Health Insurance Portability and Affordability Act (HIPAA).
Study design
A retrospective longitudinal matched cohort design was used. The index date was defined as the first antidepressant pharmacy claim on or after 07/01/2010 until 12/31/2016 for patients with TRD and non-TRD MDD, and as a randomly imputed date for patients without MDD. Baseline characteristics were evaluated during the six months pre-index date (baseline period).
Outcomes and the presence of TRD were evaluated from the index date up until the earliest among two years post-index date, end of continuous eligibility, or end of data availability (hereinafter referred to as the follow-up period).
Definition of study cohorts
Patients with TRD were compared with patients in two control cohorts: (1) non-TRD MDD patients, and (2) non-MDD patients. MDD patients were considered to have TRD if they failed two antidepressant treatment courses (including augmentation therapy with anticonvulsant, anxiolytic, antipsychotic, lithium, psychostimulant, and thyroid hormone medications) of adequate dose and duration. A dose was defined as adequate if equal to or greater than the minimum starting dose recommended by the APA guidelines [5] . An adequate duration of antidepressant treatment was defined as �6 weeks of continuous treatment without gaps longer than 14 days. Failure of a treatment course was defined as a switch of antidepressant (<180 days after the end of the previous treatment), the addition of an antidepressant, or the initiation of an augmentation therapy. Patients with MDD who did not meet these criteria within two years after the index date were classified in the non-TRD MDD cohort. The non-MDD cohort consisted of randomly selected patients without MDD.
Inclusion criteria
The following inclusion criteria were applied for the TRD and non-TRD MDD cohorts only: [5] .
The following criteria were applied to all cohorts: (1) no diagnosis for specific psychiatric comorbidities (i.e., psychosis, schizophrenia, bipolar disorder/manic depression, dementia) between 01/01/2010 and 12/31/2016; (2) �6 months of continuous eligibility (Medicare Parts A, B, and D coverage without Medicare Part C) prior to the index date (baseline period); (3) �6 months of continuous eligibility after the index date; and (4) �18 years of age at the beginning of the baseline period.
Study measures
Baseline characteristics included demographics, physical and mental comorbidities, HRU, and costs. Treatment patterns were evaluated during the follow-up period and included the duration (in days) of antidepressant therapy, the number of different antidepressant agents used, and classes of antidepressants used (i.e., selective serotonin reuptake inhibitors [SSRIs], norepinephrine-dopamine reuptake inhibitors [NDRIs], serotonin-norepinephrine reuptake inhibitors [SNRIs], serotonin modulators, tricyclics and tetracyclics, norepinephrine-serotonin modulators, and monoamine oxidase inhibitors [MAOIs]). All-cause, behavioral healthrelated, and depression-related HRU and costs were evaluated during the follow-up period. Behavioral health-related HRU and costs were identified using ICD-9-CM codes 290.xx-319. xx, and ICD-10-CM codes F01.xxx-F99.xxx. Depression-related HRU and costs were identified using ICD-9-CM codes 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx, and ICD-10-CM codes F32.x, F33.x, F34.1, or F43.21. Primary and secondary diagnosis codes were used. HRU outcomes were stratified into the following categories: inpatient visits, inpatient days, emergency department (ED) visits, outpatient visits, and other visits. Cost outcomes were broken down into pharmacy and medical costs, with the latter category further broken down into inpatient, ED, outpatient, and other costs. Behavioral health-related pharmacy costs included the following classes of agents: anxiolytics, antidepressants, anticonvulsants/mood stabilizers, antipsychotics, and other mood stabilizers (e.g., lithium).
Statistical analysis
TRD patients were matched 1:1 to non-TRD MDD patients and non-MDD patients using propensity score (PS) models based on key demographics, including age, sex, race, year of the index date, and geographical region. Baseline characteristics were compared across cohorts using standardized differences (std. diff.). Covariates with std. diff. <10% were considered adequately balanced between cohorts. Rates of HRU were compared between matched cohorts using multivariable negative binomial regressions (i.e., incidence rate ratios [IRRs]). Costs were expressed per patient per year (PPPY) in 2017 USD and compared between matched cohorts using multivariable ordinary least squares regressions, with 95% confidence intervals (CIs) and p-values obtained from non-parametric bootstraps with 499 replications. Baseline total all-cause healthcare costs and Quan-Charlson comorbidity index (Quan-CCI) were adjusted for in the multivariable models. Continuous variables were described with means and standard deviations (SDs), and categorical variables were described with frequencies and proportions.
As part of a sensitivity analysis, all aforementioned analyses were performed separately for patients aged �65 at the index date in order to separately assess the burden of TRD among a subset of patients who qualified for Medicare based on their age only (as opposed to age, disability status, or ESRD for the main analysis).
Results
In total, 503,017 patients had �1 MDD diagnosis, among which 29,540 were pharmacologically-treated patients with MDD who qualified for inclusion. Of these, 3,224 (10.9%) met the study definition of TRD. Patients with non-TRD MDD (N = 26,316) or non-MDD (N = 157,590) were all matched 1:1 to patients with TRD. In the sensitivity analysis, 1,338 out of 18,908 (7.1%) patients aged �65 met the study criteria for TRD.
Baseline demographic and clinical characteristics
Patient baseline characteristics before matching are presented in S1 Table for the main analysis. Matched-on baseline characteristics were adequately balanced between the TRD and non-TRD cohorts after PS matching. Patients in the TRD and non-TRD MDD cohorts were aged, on average, 58.9 and 59.0 years, respectively (std. diff. = 0.9%). Female patients represented 64.0% and 63.6% of the matched TRD and non-TRD MDD cohorts, respectively (std. diff. = 0.8%; Table 1 ). Baseline HRU was higher in the matched TRD cohort than the non-TRD MDD cohort (e.g., number of outpatient visits [mean±SD]: TRD = 9.0±7.1, non-TRD MDD = 7.9±6.7; std. diff. = 15.7%). The mean duration of the observation period was 21.6, 21.6, and 20.4 months in the TRD, non-TRD MDD, and the non-MDD cohort, respectively.
In the sensitivity analysis performed among patients aged �65, mean age was 72.6 years both in the TRD and non-TRD MDD cohorts, and other matched-on covariates were well balanced between cohorts. Quan-CCI (mean±SD: TRD = 1.7±1.7, non-TRD MDD = 1.5±1.6; std. diff. = 11.8%), baseline HRU (e.g., number of outpatient visits [mean±SD]: TRD = 10.4±7.4, non-TRD MDD = 8.8±6.7, std. diff. = 23.4%) and baseline total healthcare costs (mean±SD: TRD = $31,404±$60,120, non-TRD MDD = $23,239±$49,614, std diff. = 14.8%) were higher in the TRD cohort than the non-TRD MDD cohort.
Treatment patterns
For the TRD versus non-TRD MDD cohorts, the most frequently used antidepressants classes were SSRIs (84.6% vs. 76.7%), SNRIs (46.5% vs. 20.9%), NDRIs (32.0% vs 12.9%), tricyclics and tetracyclics (27.9% vs. 11.4%), and norepinephrine-serotonin modulators (23.2% vs. 8.7%; Fig 1) . The use of antidepressants was low in non-MDD patients (e.g., SSRIs: 14.1%, tricyclics and tetracyclics: 5.2%, SNRIs: 5.0%; Fig 1) . Duration of antidepressant therapy was longer among patients with TRD (265.2 days) relative to those with non-TRD MDD (194.0 days, P<0.001). The number of unique antidepressant agents received was higher in the TRD cohort relative to the non-TRD MDD cohort (mean±SD: TRD = 3.0±1.1, non-TRD MDD = 1.6±0.8, P<0.001). Similar treatment patterns were observed in the sensitivity analysis among patients aged �65 years (S1 Fig) .
Healthcare resource utilization
During the observation period, patients with TRD had 34% and 36% higher adjusted rates of all-cause PPPY inpatient visits and days of inpatient stays, respectively, relative to non-TRD MDD patients (all P<0.001; Fig 2) . When using the non-MDD cohort as comparator, these differences reached 89% and 90%, respectively (all P<0.001; Fig 2) . Similarly, the rates of allcause PPPY ED visits were 25% higher in the TRD cohort than the non-TRD MDD (P<0.001), and 115% higher when compared to the non-MDD cohort (P<0.001; Fig 2) . Similar results were obtained for all-cause outpatient and other visits, although the magnitude of the difference was numerically lower (Fig 2) . The TRD cohort had higher rates of PPPY behavioral health-related HRU relative to the non-TRD MDD cohort (e.g., inpatient visits: IRR = 1.49) and versus the non-MDD cohort (e.g., inpatient visits: IRR = 3.84, all P<0.001). Depression-related HRU was also significantly higher in the TRD cohort relative to either comparator group (e.g., inpatient visits for TRD vs. non-TRD MDD: IRR = 1.53, P<0.001; S2 Table) . In the sensitivity analysis, similar results were obtained among patients �65, although the magnitude of the difference in all-cause PPPY ED visits appeared higher (i.e., IRR = 1.38, P<0.001; S3 Table) .
Costs
During the observation period, the total all-cause PPPY healthcare costs were $25,059 in the TRD cohort, $19,945 in the non-TRD MDD cohort, and $14,410 in the non-MDD cohort (all P<0.001; Fig 3 and Table 2 ). The TRD cohort had significantly higher adjusted PPPY all-cause healthcare costs versus the non-TRD MDD (adjusted cost difference = $3,377, P<0.001) or non-MDD cohorts (adjusted cost difference = $3,675, P<0.001; Fig 3 and Table 2 ). All-cause PPPY medical costs drove the majority of the cost difference whether TRD patients were compared to those with non-TRD MDD or non-MDD (% of total adjusted cost difference: vs. TRD = 75.7%, vs. non-MDD = 73.5%); outpatient costs were the main driver for both comparisons (Table 2) . Similar patterns and cost drivers were observed when assessing total behavioral health-related costs (% of total all-cause costs: TRD = 30.7%, non-TRD MDD = 27.3%, non-MDD = 13.8%) and total depression-related costs (% of total all-cause costs: TRD = 20.4%, non-TRD MDD = 18.5%, non-MDD = 2.9%; Table 2 ).
In the sensitivity analysis, similar results were found among patients �65 years of age for the TRD versus non-TRD MDD comparison (adjusted cost difference = $4,524) and TRD versus non-MDD comparison (adjusted cost difference = $7,126, all P<0.001; S4 Table) . Trends similar to those observed in the main analysis were observed with respect to the drivers of this cost difference (S4 Table) .
Discussion
In this retrospective, claims-based study, the burden of TRD was assessed in a population of Medicare-insured patients. All categories of HRU assessed were significantly increased in patients with TRD relative to those with non-TRD MDD, with all-cause inpatient and ED visits having the largest difference in magnitude. Patients with TRD incurred higher total allcause PPPY healthcare costs of $25,059 relative to only $19,945 and $14,410 for patients with Table 2 
. All-cause, behavioral health-related, and depression-related healthcare costs per-patient-per-year during the follow-up period (main analysis).
Healthcare cost (US $2017) per patient per year (PPPY)
Mean ± SD [median]
Adjusted cost difference (95% CI); P-value a,b TRD cohort (N = 3,224)
Non-TRD MDD cohort (N = 3,224)
Non-MDD cohort (N = 3,224)
Non-TRD MDD cohort
Non-MDD cohort
All-cause medical and pharmacy costs 25,059 ± 36,832 [12, 26] 19,945 ± 40,138 [7, 795] 14,410 ± 34,446 [3, 902] 3377 (1,933 ; 5,179) ; <0.001 � 3675 (2,014 ; 5,205); <0.001 � All-cause medical costs 20,425 ± 33,463 [8, 561] 16,346 ± 36,808 [5, 229] non-TRD MDD and non-MDD, respectively, yielding adjusted cost differences of $3,377 and $3,675.
In the present study, 10.9% of pharmacologically-treated patients with MDD met the definition of TRD in the main analysis, and 7.1% did so in the sensitivity analysis performed among patients aged �65. These figures are lower than those reported in previous studies which applied the same study cohort definitions to other populations, including commercially-insured patients (16.2%) [12] and Medicaid beneficiaries (26.1%) [18] . While this may indicate that the prevalence of TRD among Medicare-insured patients with MDD is lower than that among other populations, the presence of multiple mental and physical comorbidities can complicate the management of TRD in older patients and underlie this result. Indeed, due to concerns over potential side effects, comorbidities (e.g., hepatic or renal impairment), or drug-drug interactions [5, 31] , some patients may not be offered further lines of antidepressant therapy, and would consequently not be identified as having TRD based on the present algorithm. More research is warranted to better understand this apparent lower prevalence of TRD in Medicare-insured patients versus other populations.
With respect to treatment patterns, the Medicare-insured patients with TRD included in the present study received, on average, a lower number of different antidepressants compared with commercially-insured and Medicaid-insured patients included in previous studies (i.e., mean: Medicare = 3.0, commercial = 3.3, Medicaid = 3.3) but for a longer duration (mean [days]: Medicare = 265, commercial = 235, Medicaid = 224) [12, 18] . Average treatment duration was even longer in the sensitivity analysis performed among patients �65 years of age (281 days). This supports the possibility that tolerable treatment options are limited in elderly patients due to the high rates of comorbidities in this population [31] , which may lead to reduced rates of treatment switching. Additionally, the APA guidelines recommend that older or medically compromised patients receive a lower starting therapeutic dose (i.e., 50% of standard dose) followed by dose escalation [5] . Thus, the longer time of antidepressant therapy in this elderly population may partially reflect the longer time required for the sequential escalation of antidepressant doses. Moreover, the most common class of antidepressants was SSRIs, 
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Adjusted cost difference (95% CI); P-value a,b TRD cohort (N = 3,224) Abbreviations: CI = confidence interval; ED = emergency department; SD = standard deviation Notes � : significant at the 5% level a Unadjusted cost differences were estimated using an ordinary least squares regression model and 95% CIs and p-values were estimated using a non-parametric bootstrap procedure (N = 499). b A cost difference > 0 indicates that the TRD cohort had higher costs than non-TRD MDD cohort. c Behavioral health-related medical costs were defined as all costs during a visit with any of the following ICD-9 CM diagnostic codes: 290.xx-319.xx and their ICD-10 CM equivalent. d Psychiatric pharmacy costs include the following classes of agents: antidepressants, anxiolytics, anticonvulsants/mood stabilizers, antipsychotics, and other mood stabilizers (e.g., lithium). e Depression-related medical costs were identified using the following ICD-9 CM diagnosis codes: 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx and their ICD-10 CM equivalents.
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which is consistent with previous findings in commercially-insured [12, 16] and Medicaidinsured [18] patients. With respect to costs, the adjusted total healthcare cost difference is in line with the vast body of literature showing that TRD patients incur significantly higher costs compared with non-TRD MDD patients [6, 12, [16] [17] [18] 20] . However, the difference appeared smaller than that observed in different populations (Medicare = $3,675, commercial = $6,709, Medicaid = $4,382) [12, 18] , suggesting the incremental cost burden of TRD may be lower in Medicareinsured patients.
Total healthcare costs were higher among the Medicare-insured patients with TRD included in the present study relative to those included in previous studies that assessed commercially-insured and Medicaid-insured patients (mean: Medicare = $25,059, commercial = $17,261, Medicaid = $16,654) [12, 18] . This difference was almost entirely driven by higher total medical costs relative to those found in other populations (mean: Medicare = $20,425; commercial = $13,795, Medicaid = $12,403), which may be explained by other co-occurring medical conditions in this older population. In addition, behavioral health-related costs accounted for only a minority (~30%) of total healthcare costs in the TRD cohort, an observation consistent with several previous studies, which reiterates the importance of comorbidities as a major contributor to the economic burden of TRD [12, 16, 18] .
Limitations
The present study is subject to some limitations. First, the algorithm used to identify patients with TRD relied solely on pharmacy claims, and clinical considerations to specifically assess treatment failure, response, and remission could not be incorporated. Second, although adjustment techniques such as matching and multivariable model adjustments were used to minimize potential confounding, comparisons may be subject to unmeasured confounders. Third, analyses are subject to inherent limitations of claims databases such as inaccuracies due to coding errors and missing data. Fourth, included patients may not be representative of the entire TRD or MDD population, given that patients with concurrent diagnoses of psychosis, bipolar, manic disorder, schizophrenia, or dementia were excluded from the study to ensure that the antidepressant was used to treat MDD. In addition, due to the inclusion of patients who received an antidepressant treatment course of adequate dose and duration, non-adherent patients may be underrepresented in the study sample.
Conclusion
In the present retrospective claims-based study, Medicare-insured patients with TRD were found to have significantly higher HRU and costs compared to patients with non-TRD MDD and those without MDD. These results are in line with the growing body of literature which highlights the significant incremental burden of TRD versus non-TRD MDD across multiple different populations [12, 16-18, 20, 21] . Further research is needed to identify and validate potential modifiable (e.g., cholesterol [32, 33] ) and non-modifiable (e.g., depressive illness burden, concurrent psychiatric and general medical disorders [7] ) factors associated with TRD in Medicare-insured patients, which may enable the identification of patients who may benefit the most from antidepressant treatment. Table. Behavioral health-related and depression-related HRU per-patient-per-year during the follow-up period (main analysis). Abbreviations: CCI = Charlson comorbidity index; CI = confidence interval; ED = emergency department; HRU = healthcare resource utilization; IRR = incidence rate ratio; MDD = major depressive disorder; TRD = treatment-resistant depression. Notes: � : significant at the 5% level. a IRRs, 95% CIs, and p-values were estimated using a generalized linear model with a negative binomial or a Poisson distribution based on the results of the over dispersion test. Over dispersion was detected for nearly all categories of healthcare resource utilization, resulting in the use of a negative binomial distribution instead of the Poisson distribution. b An IRR > 1 indicates that the TRD cohort had higher healthcare resource utilization than non-MDD cohort. c Behavioral health-related HRU were identified using the following ICD-9 CM diagnosis codes: 290.xx-319.xx and their ICD-10 CM equivalents. d Depression-related HRU were identified using the following ICD-9 CM diagnosis codes: 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx and their ICD-10 CM equivalents. (DOCX) S3 Table. All-cause, behavioral health-related, and depression-related HRU during the follow-up period in the subset of patients aged �65. Abbreviations: CCI = Charlson comorbidity index; CI = confidence interval; ED = emergency department; HRU = healthcare resource utilization; IRR = incidence rate ratio; MDD = major depressive disorder; TRD = treatment-resistant depression. Notes: � : significant at the 5% level. a IRRs, 95% CIs, and p-values were estimated using a generalized linear model with a negative binomial or a Poisson distribution based on the results of the over dispersion test. Over dispersion was detected for nearly all categories of healthcare resource utilization, resulting in the use of a negative binomial distribution instead of the Poisson distribution. b An IRR > 1 indicates that the TRD cohort had higher healthcare resource utilization than non-MDD cohort. c Behavioral health-related HRU were identified using the following ICD-9 CM diagnosis codes: 290.xx-319.xx and their ICD-10 CM equivalents. d Depression-related HRU were identified using the following ICD-9 CM diagnosis codes: 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx and their ICD-10 CM equivalents. (DOCX) S4 Table. All-cause, behavioral health-related, and depression-related healthcare costs perpatient-per-year during the follow-up period for the subset of patients aged �65. Abbreviations: CI = confidence interval; ED = emergency department; SD = standard deviation. Notes: � : significant at the 5% level. a Unadjusted cost differences were estimated using an ordinary least squares regression model and 95% CIs and p-values were estimated using a non-parametric bootstrap procedure (N = 499). b A cost difference > 0 indicates that the TRD cohort had higher costs than non-TRD MDD cohort. c Behavioral health-related medical costs were defined as all costs during a visit with any of the following ICD-9 CM diagnostic codes: 290.xx-319.xx and their ICD-10 CM equivalent. d Psychiatric pharmacy costs include the following classes of agents: antidepressants, anxiolytics, anticonvulsants/mood stabilizers, antipsychotics, and other mood stabilizers (e.g., lithium). e Depression-related medical costs were identified using the following ICD-9 CM diagnosis codes: 296.2x, 296.3x, 300.4x, 309.0x, 309.1x, 311.xx and their ICD-10 CM equivalents. 
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